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FUEL DELIVERY AND CONTROL SYSTEM
INCLUDING A POSITIVE DISPLACEMENT
ACTUATION PUMP WITH A VARIABLE
PRESSURE REGULATOR SUPPLEMENTING

A FIXED DISPLACEMENT MAIN FUEL
PUMP

FIELD OF THE INVENTION

This 1nvention pertains to fuel delivery system for gas
turbine engine applications, and more particularly to a ther-
mally efficient, dual pump fuel delivery and control system.

BACKGROUND OF THE INVENTION

In aviation applications, fuel delivery systems for gas tur-
bine engines typically utilize high pressure, positive displace-
ment pumps to supply high pressure fuel to the engines which
power the aircrait. In addition, the high pressure fuel system
1s often utilized as a source of high pressure fluid for the
hydraulic systems and servos which position actuators that
control the engine or other aspects of the aircraft.

The tuel pump 1s typically driven by the turbine engine
through a gearbox. The pump flow rate 1s thus proportional to
engine speed. The main fuel supply pump 1s sized to supply
enough fuel to the engine during windmaill start conditions,
which are typically about 6 to 10% of normal cruising speed,
and/or during maximum power conditions. Accordingly, at
many engine operating conditions, the engine flow demand 1s
significantly less than the high pressure tlow supplied by the
main pump. The excess high pressure pump tlow is typically
bypassed back to the low pressure inlet of the pump. Raising,
the pressure of the excess tflow and returning the excess tlow
back to low pressure 1s efiectively wasted energy. This energy
1s realized as heat input into the fuel and results in undesirable
higher fuel temperatures.

Accordingly, 1t would be desirable to provide a fuel deliv-
ery and control system for gas turbine engine applications
that minimizes the amount of fuel flow 1n excess of engine
tuel flow demand that is raised to high pressure, thus reducing
the waste heat energy input to the fuel by the pump. These and
other advantages of the invention, as well as additional inven-
tive features, will be apparent from the description of the
invention provided herein.

BRIEF SUMMARY OF THE INVENTION

The present invention provides a dual pump, flow sharing
tuel delivery and control system providing a fluid circuit
arrangement that permits each system pump to be sized for a
given tlow allocation, allowing combined pump tlow at high
engine demand requirements, such as windmill starts and
other maximum flow demand conditions, and allowing each
pump tluid circuit to be 1solated from each other.

As such, 1n certain preferred embodiments of the present
invention, a main fuel supply pump, such as a fixed delivery,
positive displacement pump, 1s provided and sized to supply
tuel at cruise burn flow conditions (W1). In this manner, the
main pump 1s a smaller pump compared to those used 1n prior
art systems, with minimal bypass flow at critical thermal
conditions. A second, fixed delivery positive displacement,
actuation pump preferably includes a variable pressure regu-
lator, and 1s sized to supply actuation, leakages, and cooling
flows and supplements the main positive displacement pump
that supplies engine burn flow. The actuation pump 1s prefer-
ably sized to provide sullicient pressure to supply the engine
functions and includes a variable pressure regulator to main-
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tain the lowest possible differential pressure (delta P) across
the pump and within the actuation system of the engine during
all engine conditions.

The high pressure outlets of the main tuel supply pump and
the actuation pump are interconnected by a flow sharing
system that integrates the flow from the actuation pump to
meet engine fuel demand when 1t exceeds the flow that 1s
provided by the main pump. In certain preferred embodi-
ments of the present mvention, the main pump supplies
approximately about 20% of the combined flow capacity of
the system, with the actuation pump supplying approximately
about 80% of the combined flow capacity of the system.
Dividing the flow 1n this manner, and providing a tlow sharing
means to control and 1solate each of the pump tluid circuits,
allows the differential pressure across the larger actuation
pump to be minimized and therefore leads to a significant
reduction 1n the amount of fuel flow 1n excess of engine fuel
flow demand that 1s pressurized and then recirculated back to
its lower pressure inlet, thus reducing the waste heat energy
input to the fuel by the actuation pump. Further, by configur-
ing the pumps 1n this manner, 1t will be appreciated that the
actuation pump can be operated at a lower discharge pressure
during engine steady state conditions, compared to that
required by the main supply pump, further enhancing the
thermal benefit of the fuel system of the present invention.

Accordingly, the present mvention provides, at least in
part, a reduction of heat input from the pumping system at
critical fuel system thermal conditions by lowering the dii-
terential pressure across the large actuation pump to the mini-
mum pressure needed to support the actuators and servo
functions during steady state conditions. In combination with
a variable pressure regulator, the pressure supplied by the
actuation pump can be increased when higher pressure 1s
needed to position the actuators and then 1t can be lowered
again to reduce the load on the pump reducing the heat gen-
crated.

The present invention further provides, 1n part, a system
including a main fuel supply pump that supplies substantially
no actuation and electrohydraulic servo-valve tlow. Accord-
ingly, the fuel metering unit (FMU) discharge pressurizing
valve no longer needs to be sized to maintain the minimum
differential pressure required to operate the actuators and
EHSVs. Lowering the FMU discharge pressurizing valve
setting results 1n a lower delta P across the main, fixed dis-
placement pump when operating on the FMU discharge pres-
surizing valve. The lower delta P across the main pump results
in an additional reduction 1n the amount of waste heat gener-
ated at these conditions.

In addition, the pressure required to operate the engine
actuators varies with operating conditions and 1s typically
significantly lower for steady state conditions than for actua-
tion transients. Accordingly, the fixed displacement actuation
pump includes a variable pressure regulator that allows the
pump delta P to be varied so that the minimum delta P
required to operate the actuators and electrohydraulic servo-
valves (EHSVs) can be maintained across the pump. The
ability to maintain a lower delta P across the actuation pump
significantly reduces the amount of waste heat generated by
the pumping system.

Furthermore, the variable pressure regulator can be used to
increase delta P across the actuation pump, and therefore, can
be used to increase temperature within the actuation system
for cold starts when fuel temperatures are below freezing.
This feature may allow the servo heat-exchanger to be elimi-
nated from the fuel system.

For operating conditions with engine burn tflow (Wi1)
demand from approximately windmill start through cruise,
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the high pressure discharges of the two pumps are completely
1solated from each other. It will be appreciated that the major-
ity of the engine operating time 1s spent at these conditions.
Completely 1solating the actuation supply from the W1isupply
for most engine operating conditions eliminates the influence
ol actuation transients on W1 for those conditions.

It will be appreciated that the present invention provides, at
least 1n part, a flow sharing feature that allows the sizing of
cach of the two pumps to be kept to the minimum. In the
absence of tlow sharing, the two pumps are typically sized at
different operating conditions, which leads to larger pumps
and poor thermal performance.

Other aspects, objectives and advantages of the invention
will become more apparent from the following detailed
description when taken 1n conjunction with the accompany-
ing drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings incorporated 1in and forming,
a part of the specification illustrate several aspects of the
present invention and, together with the description, serve to
explain the principles of the mvention. In the drawings:

FIG. 1 1s a schematic representation of an aircrait engine
tuel system constructed 1n accordance with one aspect of the
present 1vention, showing a main positive pump supple-
mented by a fixed displacement actuation pump in combina-
tion with a variable or fixed pressure regulator;

While the invention will be described 1n connection with
certain preferred embodiments, there 1s no itent to limit 1t to
those embodiments. On the contrary, the intent is to cover all
alternatives, modifications and equivalents as included within
the spirit and scope of the invention as defined by the
appended claims.

DETAILED DESCRIPTION OF THE INVENTION

An exemplary embodiment of a fuel delivery and control
system 100 of the present invention 1s 1llustrated in FIG. 1.
The tuel delivery and control system 100 includes, 1n 1ts
simplest form, a fuel supply, indicated generally at 102, a
main fuel supply loop, indicated generally at 104, including a
positive displacement pump 106 for providing fuel to the
engine during normal or steady state operating conditions, an
actuation supply loop, indicated generally at 108, including a
positive displacement, actuation pump 110 with a pressure
regulator assembly 112, that supplies hydraulic fuel to engine
components, and a pump tlow sharing system, indicated gen-
erally at 114 fluidly connecting the main supply loop 104 and
the actuation loop 108 to integrate/combine pump flows when
required by engine demands. The fuel system further includes
a Tuel metering unit (FMU), indicated generally at 116, for
metering fuel to the turbine engine and fuel bypass 118. It wall
be understood that FIG. 1 1s a schematic representation of the
present invention and illustrates only one example of the
configuration of the system 100, which can be implemented
in any number of ways, as will be known to those skilled in the
art.

Asshownin FIG. 1, the fuel supply 102 preferably includes
a fuel tank 122 and a boost pump 124. The boost pump 124
generates a low pressure source Pb that 1s supplied to the fuel
delivery system via conduit or line 128, which further splits
into lines 130 and 132 to supply both the main pump 106 and
the actuation pump 110 with fuel. The boost pump 124 can be,
for example, a centrifugal pump to provide fuel at a suilicient
pressure to the inlet of each of the main pump 106 and actua-
tion pump 110, as will be well known to those skilled 1n the
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art. It will be appreciated that the lines 128, 130 and/or 132
may each include at least one check valve and/or fuel filter
(not shown), as will be well known to those in the art.

The main engine fuel supply loop 104 includes the low
pressure, Pb, fuel supply line 130 in fluid commumnication
with an inlet 134 of the main fuel supply, positive displace-
ment pump 106 (hereinafter “the main pump 106°). Fuel at a
pressure 1indicated as Ps1 exits at an outlet 136 of the main
pump through high pressure outlet line 140 and delivers fuel
at the required flow rate to fuel metering umit 116 to meet the
required engine burn flow demands. A relief line 142 1nclud-
ing a high pressure relief valve (HPRV) 144 1s also provided
to control the maximum pressure supplied to the fuel meter-
ing unit 116. A recirculation or bypass line, indicated at 150 1s
provided for recirculating tluid flow back to the low pressure,
input end of the main pump 106. The recirculation bypass line
can include a bypass valve (not shown) as will be appreciated
by those skilled 1n the art.

The main pump 106 1s preferably suiliciently sized to meet
engine burn flow (W1) demands ranging {from above windmaill
through the cruise conditions. Accordingly, 1t will be appre-
ciated that since the main pump 1s sized to deliver fuel at a rate
that more closely matches engine demand during steady state
and/or most thermally critical conditions, the amount of high
pressure bypass/recirculated flow 1s minimized. By sizing the
main pump 106 i1n this manner, whereby the excess flow
capacity needed for high fuel tflow conditions has been shitted
to the actuation pump and bypassed at low pressure within the
actuation loop 108 until the flow 1s needed, less heat 1s gen-
crated within the main supply loop 104 during such steady
state conditions. Further, as will be appreciated, the main
pump 106 1s of sufficient size to meet the pressure and flow
requirements during these operating conditions, yet 1t need
not be sized to solely generate the pressure required to meet
windmill relight or high flow conditions and/or meet the
pressure requirements for actuator tflow. As such, the main
positive displacement pump can be smaller 1n size, and thus of
a lower weight than the main fuel supply pumps of conven-
tional fuel tlow systems.

In one embodiment, for example, the main pump 106 1s
s1zed to provide approximately about 20% of the combined
pump fow capability while the actuation pump 110 provides
approximately about 80% of the combined flow capability. As
described 1n more detail below, the combined flow from the
two pumps, indicated generally as number 290 1n FIG. 1, 1s
suificient to meet the engine flow demand for windmall relight
and maximum flow conditions required by the engine.

For certain other applications, the main pump 106 can be
s1zed to supply engine burn tlow W1 for windmuill start and/or
other conditions beyond cruise. For certain other applica-
tions, the main pump 106 can also be sized to supply flow for
engine functions other than utilize fuel tlow, such as provid-
ing flow to at least a portion of the engine’s actuators, valves
and other hydraulic systems, as will be appreciated by those
skilled in the art. As such, the about 80/20 flow division
between the two pumps 1s merely one example of the type of
flow sharing or division contemplated by the present mven-
tion. Preferably, however, to minimize heat dissipation to the
fuel stream, the actuation pump 110 of the fuel delivery and
control system 100 1s sized to provide a larger portion of the
total engine flow demand during windmill relight and maxi-
mum flow conditions that of the main pump 106.

The actuation loop 108, 1n its simplest form, includes the
low pressure, fuel supply line 132 1n fluid communication
with an 1inlet 152 of the positive displacement actuation pump
110 (heremafter “the actuation pump 110°"). Fuel at a pressure
indicated as Ps2 exits at an outlet 154 of the actuation pump
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110 through high pressure outlet line 156 and delivers fuel at
the required pressure and tlow rate to the engine actuator
supply line 158. Although not shown, the actuator supply line
158 can incorporate a minimum pressure valve (AMPV),
bypass valve, filters and the like, as will be appreciated by
those skilled 1n the art. A bypass line 160 1n fluid communi-
cation with the outlet 154 of the actuation pump 110 is pro-
vided and connects to the pressure regulator assembly 112. A
second bypass line 162 1s provided to direct bypass fuel back
to the fuel supply line 132 on the low pressure side of the
actuation pump 110. A line 208 connects the output end 154
of the actuation pump 110 to the pump tlow sharing system
114 so that the flow may be selectively directed to the main
engine supply line 290 when required.

It will be appreciated that the actuation pump 110 1s pret-
erably a positive displacement pump sulficiently sized to
provide actuator steady state plus transient flow to assure
positive operation of the actuators, leakage and servo flow. In
addition, the actuator pump 110 1s sized to supplement the
main pump 106 to provide the necessary make-up flow to the
engine during peak demand operating conditions. The actua-
tion pump 110 1s controlled to maintain a minimum discharge
pressure Ps2 that 1s suificient to meet the actuation system
pressure demand. Such a pressure 1s achieved by utilizing the
pressure regulator 112, which 1s preferably a variable pres-
sure regulator, to adjust the discharge pressure Ps2 in accor-
dance with the actuation system pressure requirements. As
such, the actuation pump 110 can be controlled to the mini-
mum discharge pressure Ps2 required for steady state engine
conditions, when the main pump and actuation pumps are
1solated from each other. The discharge pressure Ps2 can be
readily increased or decreased when required by actuation
system requirements.

It will be appreciated that because the actuation pump 110
no longer contributes to supplying fuel at a pressure required
by the fuel nozzles/fuel metering system during steady state
and/or thermally critical conditions, 1n 1solated pumps mode,
the actuation pump 110 discharge pressure Ps2 will be pret-
erably lower than the discharge pressure Psl of the main
pump 106. Such a mimmimum discharge pressure Ps2 1s
achieved by utilizing the pressure regulator 112 to adjust the
pressure output of the actuation pump 110 1n accordance with
actuation system pressure requirements. In the i1solated
pumps mode, the variable pressure regulator 112 can be used
to temporarily increase Ps2, to a pressure that may be tempo-
rarily higher than Ps1 at steady state conditions, when engine
conditions required moving the actuators (“actuator transient
conditions™). However, Ps2 1s lowered back to the minimum
required system pressure when the actuation system returns
to steady state conditions. In certain embodiments of the
present invention, the pressure regulator 112 can be used to
increase the discharge pressure Ps2 and bypass tlow from the
actuation pump 110 can thus be used to increase fuel tem-
perature for cold starts when fuel temperatures are below
freezing.

Accordingly, the actuation pump 110 can be sized to sup-
ply approximately about 80% of the combine flow capability,
or 80% of the peak or maximum fuel demand of the engine. It
will be appreciated that the 80-20 tlow division between the
actuation and the main pump i1s presented as only one
example of the type of flow sharing or tlow balancing con-
templated by the present invention. Indeed, the division of
burn flow, leakage and cooling flow functions between pumps
can vary depending on a given application.

The fuel metering umt (FMU) 116 includes a line 290 for
supply flow to a fuel metering valve 280 set with a suitable
servo-controller, such as a electrohydraulic servo-valve
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(EHSV), indicated generally at 282, which 1s 1n turn con-
trolled by the full authority digital electronic controller (FA-

DEC) (not shown). A pressurizing/shut-oif valve 300 1n fluid

communication at the outlet of the fuel metering valve 280
(shown at pressure P2) 1s provided to regulate the pressure
drop across the fuel metering valve 280. The valve 300
includes an outlet 302 for supplying fuel at engine burn
demand tlow rate (WT1) to the engine combustion system, and
can be completely closed during engine shut down. Fuel 1n
excess o engine demand can be recirculated back to the lower
pressure inlet of the main pump 106 through the line 150.

Operation and control of the fluid delivery system 100 1s
described. In particular, the fuel delivery and control system
100 of the present mvention includes an isolated pumps
mode, wherein the main fuel supply loop 104 1s 1solated from
the actuation loop 108. Preferably, the system 100 1s in the
isolated pumps mode during operating conditions with Wi
demand from above windmill start through cruise conditions.
The majority of the engine operating time 1s spent at these
conditions. More specifically, during these conditions, the
high pressure discharges of each of the pumps 106 and 110
are completely 1solated from each other.

In the 1solated pumps mode, the actuation supply loop 108
operates to supply fuel to the actuation system supply line 158
at the minimum required discharge pressure, Ps2, sulficient to
operate the actuation system including leakages and cooling
flows. In 1solated pumps mode, this minimum required pres-
sure will vary depending on engine operating mode, as will be
known to those skilled 1n the art. The variable pressure regu-
lator assembly 112 allows the actuation pump 110 delta P to

be varied so that the minimum delta P required to operate the
actuators and EHSV's can be maintained across the actuation
pump 110 during these operating conditions. Alternatively, 1T
a fixed pressure regulator 112 1s used, the regulator 1s set to
maintain the actuation pressure at the maximum pressure
needed to supply the actuation system to minimize pump heat
input. Maintaining a low delta P across the actuation pump
110 significantly reduces the amount of waste heat generated
by the pumping system.

In the 1solated pumps mode, the main supply loop 104
provides engine burn flow supply to the FMU 116. In this
operational position, the flow sharing system 114 functions to
permit only the output flow from the main supply pump 106
to the line 290 1n communication with the FMU 116. As such,
it will be appreciated that the pressure and tlow 1n the line 290
1s substantially the same as the discharge pressure Ps1 1n line
140 and the flow rate 1n the line 290 1s substantially equal to
the tlow 1n line 140 at the outlet of the main pump 106 minus
a the bypass flow 1n line 150. As recited above, the main pump
106 1s s1zed to deliver fuel at a rate that more closely matches
engine demand, the amount of high pressure bypass/recircu-
lated tlow 1s minimized, as well as the heat generated thereby.
Accordingly, during such steady state operating conditions
with minimal recirculation, the main pump 106 can deliver a
high discharge pressure Psl without significant thermal
impact into the main fuel supply loop 104. Preferably, the
steady state, predetermined discharge pressure Ps1 1s higher
than the discharge pressure Ps2 of the actuation pump 110.

As such, the main pump 106 1s dedicated to supplying WH.
In particular, the high pressure tlow 1s directed to the fuel
metering unit 116 through lines 140 and 290. Additionally,
because the main pump 106 supplies no actuation and EHSV
flow, the FMU discharge pressurizing valve 300 can be
reduced to a mimmum size. Lowering the FMU discharge
pressurizing valve 300 setting results 1n a lower main pump
106 delta P when operating on the FMU discharge pressuriz-
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ing valve 300. The lower delta P results in an additional
reduction 1n the amount of waste heat generated at these
conditions.

During operating conditions with W1 demands from above
cruise, at windmill relight or at other peak engine tuel
demands, the fuel delivery and control system 100 of the
present invention 1s in the shared pumps mode. When the
engine W1 demand 1s expected to be greater than the flow
capability of the main pump 106, flow sharing system 114
transitions from the two 1solated pumps mode to the shared
pumps mode. This allows flow from the pressure regulated,
fixed actuation pump 110 to be used to supply or supplement
the engine burn, Wi, demand.

When 1n the shared pump mode, the main pump 106 dis-
charge pressure (Ps1) and actuation pump 110 discharge pres-
sure (Ps2) are substantially equal. In shared pump mode, the
maximum engine flow demand 1s met by the combined output
flow from the actuation pump 110 and the main pump 106.
The actuation pump 110 supplies a supplemental volume of
flow as needed to augment the main pump 104, depending on
the amount of flow demanded by the engine. As such, the
pump flow sharing system 114 varies the amount of supple-
mental flow provided by the actuation pump 110. As such,
excess pump How from the actuation pump 110 will continue
to recirculate through line 160 and the pressure regulator 112
and line 162. Also, any flow 1n excess of engine demand inthe
shared pumps mode can be bypassed back to the low pressure
inlet side of the main pump 104 via the bypass system 118.

It will be appreciated that the present invention provides an
actuation pump that supplements a main pump, wherein the
flow sharing system allows the sizing of the two pumps to be
kept to the mimmimum. Without flow sharing the two pumps
would typically be sized at different operating condition
which would lead to larger pumps and poor thermal perfor-
mance. Without flow sharing the main pump 1s sized for
takeoll flow. In one example of the present invention, the
main pump 106 displacement i1s approximately about 1.1
Cl/rev. The actuation pump 1s sized for leakage at start and the
displacement 1s approximately about 1.3 Cl/rev. With flow

sharing, the combined displacement of the two pumps 1s
about 1.45 Cl/rev.

All references, including publications, patent applications,
and patents cited herein are hereby incorporated by reference
to the same extent as 11 each reference were individually and
specifically indicated to be incorporated by reference and
were set forth 1n its entirety herein.

The use of the terms “a” and “an” and *“‘the” and similar
referents in the context of describing the mnvention (especially
in the context of the following claims) 1s to be construed to
cover both the singular and the plural, unless otherwise indi-
cated herein or clearly contradicted by context. The terms
“comprising,” “having,” “including,” and “contaiming” are to
be construed as open-ended terms (1.e., meaning “including,
but not limited to.”) unless otherwise noted. Recitation of
ranges of values herein are merely intended to serve as a
shorthand method of referring individually to each separate
value falling within the range, unless otherwise indicated
herein, and each separate value 1s incorporated 1nto the speci-
fication as if 1t were individually recited herein. All methods
described herein can be performed in any suitable order
unless otherwise indicated herein or otherwise clearly con-
tradicted by context. The use of any and all examples, or
exemplary language (e.g., “such as™) provided herein, is
intended merely to better illuminate the invention and does
not pose a limitation on the scope of the invention unless

otherwise claimed. No language in the specification should be
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construed as indicating any non-claimed element as essential
to the practice of the invention.

Preferred embodiments of this invention are described
herein, including the best mode known to the inventors for
carrving out the invention. Variations of those preferred
embodiments may become apparent to those of ordinary skill
in the art upon reading the foregoing description. The mven-
tors expect skilled artisans to employ such varnations as
appropriate, and the iventors intend for the invention to be
practiced otherwise than as specifically described herein.
Accordingly, this invention includes all modifications and
equivalents of the subject matter recited in the claims
appended hereto as permitted by applicable law. Moreover,
any combination of the above-described elements 1n all pos-
sible variations thereof 1s encompassed by the invention
unless otherwise indicated herein or otherwise clearly con-
tradicted by context.

What 1s claimed 1s:

1. A fuel delivery and control system for a gas turbine
engine having a maximum fuel tflow requirement and a steady
state requirement that 1s less than the maximum fuel tlow
requirement and also including a fuel metering unit, the fuel
delivery and control system comprising:

a fixed displacement actuation pump of a size limited to
providing only a first portion of the maximum fuel flow
requirement of the engine, the actuation pump having an
inlet and an outlet;

a variable pressure regulator in fluid communication with
the outlet of the actuation pump, the variable regulator
capable of adjusting the pressure drop across the inlet
and the outlet of the actuation pump to maintain a mini-
mum discharge pressure; and

a fixed displacement main pump of a size limited to pro-
viding a second portion of the maximum fuel flow
requirement of the engine, the second portion being less
than the maximum fuel flow requirement of the engine,
the main pump having an outlet in fluid communication
with the fuel metering unit and 1n selective fluid com-
munication with the outlet of the actuation pump,
wherein the fuel delivery and control system 1s config-
urable between an 1solated pumps mode wherein the
outlets of each of the actuation pump and the main pump
are separated from each other and a shared pumps mode
wherein the outlets of each of the actuation pump and the
main pump are in fluid communication with each other
to combine the first portion of the maximum fuel flow of
the engine with the second portion of the maximum fuel
flow of the engine and wherein the combined flow 1s
supplied to the fuel metering unit of the engine.

2. The fuel delivery and control system of claim 1, wherein
the actuation pump 1s sized to provide fuel at a suificient
predetermined pressure and flow rate to a plurality of hydrau-
lically actuated devices within the engine in addition to the
first portion of the maximum fuel flow requirement.

3. The fuel delivery and control system of claim 1, wherein
the main pump 1s configured to provide fuel to the fuel meter-
ing umt at a pressure that 1s greater than the discharge pres-
sure of the actuation pump when the system 1s 1n the 1solated
pumps mode and the engine 1s operating at steady state con-
ditions.

4. The fuel delivery and control system of claim 1, wherein
the main pump 1s sized to provide substantially 20 percent of
the maximum fuel flow requirement of the engine and the
actuation pump 1s sized to provide substantially about 80
percent of the maximum fuel tlow requirement of the engine.
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5. The fuel delivery and control system of claim 1, further
comprising a fuel bypass line 1n fluid communication with the
fuel metering unit, the bypass line directing fuel back to the
inlet of the main pump.

6. A fuel system for use in an aircrait engine having a
maximum fuel flow demand, the fuel system comprising:

a main fuel pump for pressurizing ftuel from a fuel supply,
the main fuel pump having an inlet and an outlet, the
main fuel pump providing fuel to the engine at a prede-
termined flow rate and discharge pressure; and

an actuation pump comprising a pressure regulator, the
actuation pump having an inlet and an outlet, and
capable of providing output fuel at a discharge pressure
that 1s lower than the discharge pressure of the main
pump, the outlet of the actuation pump 1n selective fluid
communication with the outlet of the main pump,
wherein the combined output tlow from the main pump
and the actuation pump 1s required 1n order to meet the
maximum fuel demand of the engine.

7. The fuel system of claim 6, wherein a variable discharge
pressure of the actuation pump is controlled to the minimum
pressure suilicient to operate a plurality of hydraulically actu-
ated devices within the engine.

8. The fuel system of claim 6, wherein the main fuel pump
1s sized to provide substantially 20 percent of the maximum
tuel demand from the engine and the actuation pump 1s sized
to provide substantially about 80 percent of the maximum
fuel demand of the engine.

9. The fuel system of claim 6, further comprising a regu-
lator valve assembly in communication with the actuation
pump for controlling the pressure drop across the inlet and the
outlet of the actuation pump.

10. The fuel system of claim 6, wherein the pressure regu-
lator 1s a variable pressure regulator.
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11. The fuel system of claim 6, further comprising a control
valve 1n communication with the pressure regulator, the con-
trol valve configured for setting a pressure differential across
the actuation pump.

12. The tuel system of claim 6, further comprising a pump
flow sharing system selectively interconnecting the outlet of
the main fuel pump and the outlet of the actuation pump when
the engine burn flow fuel demand 1s greater than the flow rate

of the main fuel pump.
13. A method of delivering fuel to an aircraft engine having

a maximum fuel demand, the method comprising:
providing a first pump sized for a limited supply of
approximately 20% of the maximum fuel demand of the
engine;
providing a second pump having an outlet in selective fluid
communication with an outlet of the first pump, the
second pump providing approximately 80% ofthe maxi-
mum fuel demand of the engine; and

alternating between an 1solated pumps mode wherein the

second pump provides fluid flow only to an actuation
system and a servo system of the engine and a shared
pumps mode wherein the outlets of the first and the
second pumps are required to be combined provide the
maximum fuel demand required by the engine.

14. The method of claim 13, wherein the second pump 1s a
fixed displacement pump including a variable pressure regu-
lator.

15. The method of claim 13, wherein the second pump 1s
configured to supply a minimum discharge pressure suificient
to operate the actuation system and the servo system of the
engine, the discharge pressure of the second pump being
maintained lower than the first pump when the pumps are in
the 1solated pumps mode.
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